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ABSTRACT 
Kristina Ten Haagen: Attention Deficit Hyperactivity Disorder (ADHD), ADHD Subtypes 
and Processing Speed: A Meta-Analysis 
(Under the direction of Rune Simeonsson, Ph.D.) 
 
This study seeks to quantitatively describe the association between ADHD, ADHD 
subtypes and processing speed using meta-analytic procedures. Analyses are guided by the 
following research questions:  What is the magnitude of the mean effect size for processing 
speed in children with ADHD compared to children without ADHD? What is the magnitude 
of the mean effect sizes for processing speed in children with ADHD across subtypes 
compared to each other and those without ADHD? Relevant articles were identified by 
keyword searches of the EndNote X4 program database. This process identified 424 
contemporary research articles, which were subjected to inclusion criteria. Meta-analyses 
investigated the distribution of standardized mean difference effect size statistics (Hedges’s 
g). Results indicated significant effect sizes for processing speed in the moderate range for 
youth and adolescents with ADHD compared to youth and adolescents without ADHD. 
Findings did not support significant differences in mean effect sizes between ADHD 
subtypes.
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CHAPTER 1 
INTRODUCTION 
Defining Attention Deficit Hyperactivity Disorder (ADHD) 
The Diagnostic and Statistical Manual of Mental Disorders (DSM) defines criteria for 
the classification of mental disorders used by mental health professionals in the United States 
and is currently in its 4th edition (American Psychiatric Association [DSM-IV-TR], 2000). 
The 4th edition defines ADHD as a persistent pattern of inattention and/or hyperactivity-
impulsivity that is more frequently displayed and more severe than what is typically observed 
in individuals of comparable levels of development (DSM-IV-TR, 2000). The DSM-IV-TR 
classifies ADHD into three subtypes: ADHD-Inattentive, ADHD-Hyperactive/Impulsive and 
ADHD-Combined Type. The Inattentive Subtype is characterized by symptoms such as 
failure to give close attention to details, making careless mistakes, difficulty sustaining 
attention, and difficulty with organization and losing things. The predominantly Hyperactive-
Impulsive Subtype includes symptoms such as fidgeting with hands or feet, difficulty 
remaining seated, running about or climbing excessively, and acting as if driven by a motor 
and talking excessively. The Combined Type includes symptoms from both of these subtypes 
(DSM-IV-TR, 2000; Waller, 2006).  
A diagnosis of ADHD requires six of nine symptoms in either category for inattentive 
or hyperactive/impulsive subtypes, and both sets of inattention and hyperactive/impulsive 
criteria must be met for a Combined Type diagnosis. Symptoms must be frequent and severe, 
and affect daily functioning. A diagnosis also requires that symptoms be present for at least 
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six months and cause impairment prior to age seven. This impairment must be present in two 
or more settings, such as academic, home and/or work environments (DSM-IV-TR, 2000; 
Waller, 2006).  
Importance of ADHD Research 
ADHD is one of the most common and impairing childhood psychological disorders 
within multiple domains of daily functioning (Wells & Cartwright-Hatton, 2004). All three 
subtypes are associated with impairments, including school related problems, peer rejection, 
and social adjustment (Barkley, DuPaul, & McMurray, 1990; DuPaul & Stoner, 2003). In 
addition, approximately half of clinic-referred children with ADHD also have a co-morbid 
diagnosis of Oppositional Defiant Disorder (ODD) or Conduct Disorder (Barkley, 2006). The 
rate of co-occurrence between ADHD and Disruptive Behavior Disorders is higher than with 
any other co-occurrence of mental disorders with Disruptive Behavior Disorders (Waller, 
2006; Barkley, 2006). 
Furthermore, a recent study investigated the economic impact of ADHD in childhood 
and adolescence (Pelham, Foster, & Robb, 2007). This research examined the cost of ADHD 
based on treatment and other health care costs, in addition to educational costs, parental work 
loss and juvenile justice expenses. Results indicated an annual cost of illness for children and 
adolescents with ADHD between $12,005 and $17,458 per individual. When using a 
conservative 5% prevalence of diagnosis, the annual societal cost of illness for ADHD in 
childhood and adolescence is estimated at $42.5 billion dollars, demonstrating the extent of 
economic impact and thus the importance of understanding ADHD (Pelham, et al., 2007). 
The significance of ADHD research is supported by the need to reduce numerous costly 
assessments, in addition to providing insight for the target of ADHD interventions and their 
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impact on decisions regarding medication and behavioral strategies (Milich, 2001). In 
addition, frequent changes in the diagnostic classification of ADHD also provide support for 
the importance of research examining ADHD symptoms and distinctions between subtypes. 
History of ADHD Sub-typing 
The diagnosis of ADHD and the inclusion of subtype differences have been modified 
over time. Prior to the introduction to the DSM, symptoms associated with ADHD were first 
identified by Alexander Crichton in 1798, which he described as “mental restlessness.” Since 
that time there have been several changes in terminology, including: “minimal brain 
damage,” “minimal brain dysfunction,” and “learning/behavioral disabilities” (“Short History 
on ADHD,” 2011). The first edition of the DSM was published in 1952, where diagnostic 
categories reflected a psychobiological view. With advances in diagnostic methodology and 
the need for more explicit definitions to promote reliable diagnoses, a second edition of the 
DSM was developed, and ADHD was classified as Hyperkinetic Reaction of Childhood, with 
a focus on over-activity as the core feature of the disorder (DSM-IV-TR, 2000).  
In the third edition, a distinction was made between attention deficit disorder (ADD) 
with and without hyperactivity (Healey et al., 1993; Mulder et al., 2010). Controversy 
surrounding the symptoms of ADHD raised the issue of whether or not symptoms of 
hyperactivity and inattention constituted equal components of the syndrome. Insufficient 
evidence was available to validate the differentiation of ADD subtypes, which resulted in a 
revised third edition of the DSM (Mulder, et al., 2010). This edition eliminated the 
distinction between ADD with and without hyperactivity, and classified the disorder as 
Attention-Deficit Hyperactivity Disorder (Healey et al., 1993). A vague undifferentiated 
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Attention Deficit Disorder descriptor was included for individuals who manifested symptoms 
of inattention alone (Mulder, et al., 2010). 
Following further controversy over the variety of symptoms and differing levels of 
impairment, a fourth edition of the DSM reaffirmed the presence of subtypes (Healy et al., 
1993). This edition acknowledged the functional similarity and dissimilarity between the 
hyperactivity-impulsivity and inattention subtypes in addition to the different dimensions of 
dysfunctions that underlie ADHD symptoms (Lahey, Loeber, et al., 1998). The fourth edition 
included three specific subtypes within the diagnosis of ADHD: ADHD-Inattentive, ADHD-
Hyperactive/Impulsive, and ADHD Combined Type. Currently, ADHD is diagnosed using 
these three distinct relatively homogeneous subgroups, as opposed to one heterogeneous 
category (Healy et al., 1993).  
Cognitive Mechanisms and Models for Understanding ADHD Impairments 
One of the most prominent neuropsychological theories of ADHD suggests that the 
source of symptoms arise from a primary deficit in executive function (EF) (Barkley, 
DuPaul, & McMurray, 1990; Willcutt, Doyle, Nigg, Faraone, & Pennington, 2005). EF is 
most commonly defined as a set of neurocognitive processes that maintain an appropriate 
problem-solving set for the purpose of attaining a later goal (Willcutt, et al., 2005). The 
specific EF processes that are most frequently identified within ADHD research include: 
working memory, cognitive inhibition, and motivation (Barkley, 1997; Brocki, Randall, 
Bohlin, & Kerns, 2008; Engelhardt, Nigg, Carr, & Ferreira, 2008). Research investigating EF 
has demonstrated significant differences across subtypes of ADHD, with inattentive 
symptoms linked to greater difficulty in the retrieval of verbal information from memory, 
delay aversion, lack of motivation, and slower processing speed, especially with increases in 
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cognitive load (Derefinko et al., 2008; Desman, Petermann, & Hampel, 2008; Lambek et al.; 
Schmitz et al., 2002). In contrast, deficits of EF for children with hyperactive and impulsive 
symptoms include cognitive and behavioral inhibition and working memory impairments 
(Barkley, 2003; Barkley, et al., 1990; Brocki, et al., 2008; Derefinko, et al., 2008). This 
research supports the presence of deficits in EF for children across all subtypes of ADHD; 
however, it also provides evidence against the universality of EF deficits among children 
with ADHD suggesting that specific EF weaknesses only constitute a portion of the cognitive 
deficits associated with ADHD (Willcutt, et al., 2005).  
Numerous studies have investigated the underlying cognitive mechanisms involved in 
the presentation of individuals with ADHD deficits. These studies, in turn, have influenced 
the development of various theoretical models of ADHD. One of the current competing 
theoretical frameworks for understanding ADHD is the Cognitive-Energetic Model (CEM). 
This model proposes that the efficiency of information processing in ADHD is determined by 
the relationships between three cognitive levels: computational mechanisms of attention, 
state factors, and management/executive function (EF). The computational mechanisms of 
attention include four general stages of information processing: encoding, search, decision 
and motor organization, which are associated with experimental task variables. The state 
factors of the model comprise three energetic pools, including effort, arousal and activation. 
Effort is defined as the necessary energy to meet the demands of a task, arousal is considered 
a type of phasic responding, and activation is denoted by changes in physiological activity. 
The third level of the model, the management or evaluation of information (EF), is associated 
with mechanisms of planning and monitoring, as well as the detection and correction of 
errors  The CEM supports the belief that inhibition deficits are associated with energetic 
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dysfunction and response reorganization, although further research is needed to differentiate 
between process and state dysregulation in ADHD (Konrad et al., 2010; Sergeant, 2000). 
Another prominent theoretical framework for understanding the cognitive 
components of ADHD is the Planning, Attention, Simultaneous, Successive (PASS) theory 
of intelligence that is measured by the Cognitive Assessment System (CAS). This model has 
been used to formulate measurement of children with ADHD, and provides evidence for 
weaknesses in planning and attention but not simultaneous and successive scales in the 
assessment of children with ADHD. This model differs from the CEM by highlighting the 
relevance and importance of processing speed impairments in ADHD. Previously, processing 
speed was not considered to be a dominant domain involved in the cognitive impairments 
associated with ADHD (van 't Ent et al., 2009). 
Processing Speed 
Processing speed is defined as an individual’s underlying cognitive efficiency at 
understanding and acting upon external stimuli. This includes integrating low levels of 
perceptual and high levels of cognitive and/or output speed. Speed of information processing 
reflects various characteristics, such as perceptual speed, neural efficiency, the ability to 
maintain concentration, and perhaps general intelligence. Processing speed can be affected 
by ease of recognition, number, type and intensity of the stimuli, as well as an individual’s 
visual or auditory functioning, motor control, or other individual factors such as age, gender, 
and health status (Adler, 2010). 
Processing speed can be studied through measures of reaction time and inspection 
time. Reaction time is characterized by the time that elapses between the presentation of a 
stimulus and the response to that stimulus. This response time can be measured based on the 
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time it takes to respond following the onset of a stimulus, or by the time it takes an individual 
to make a differential response to the presentation of multiple stimuli. The latter response 
time is considered more complex, and is often measured by choice reaction time variables 
(CRT) and Go/No-Go tasks. Inspection time is the speed of encoding, which refers to the 
minimum length of exposure an individual needs to discriminate between multiple stimuli 
that differ on a particular dimension (Sattler, 2008).  
As previously noted, deficits in EF appear to be only one of several important 
weaknesses that comprise the overall neuropsychological etiology of ADHD (Willcutt, et al., 
2005). Few studies to date have considered processing speed as part of EF and as a primary 
source of differentiation between ADHD subtypes and differences in neuropsychological 
etiology. While research has acknowledged multiple pathway and hybrid models of ADHD, 
which include behavioral inhibition, working memory, self-regulatory behaviors, processing 
speed, and motivation, most research findings refer to cognitive deficits with regards to 
different EF. However, following the introduction of the PASS theory of ADHD, research 
has further examined processing speed as a significant source of deficits in children with 
ADHD (Barkley, 1997; Mulder, et al., 2010). 
The PASS model of intelligence describes cognitive ability as a function of planning, 
attention, simultaneous processing and successive processing. The planning component 
involves cognitive control, knowledge, intentionality and self-regulation, and attention 
involves focused and coordinated cognitive activities. Simultaneous processing involves 
perception of stimuli as a whole and the ability to integrate information into a meaningful 
idea, and successive processing involves the ability to make a decision based on stimuli that 
are arranged in a particular sequence. These four types of processing operate together when 
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an individual engages in an intellectual task, with some processes playing a stronger role than 
others dependent upon the task and developmental level. The Cognitive Assessment System 
(CAS) is an assessment that was designed according to the PASS theory to assess 
intelligence (Sattler, 2008). Differences in performance between children with and without 
ADHD, as well as between ADHD subtypes, on the CAS have led to further investigations of 
cognitive functioning and possible subtype differences associated with processing speed. For 
example, children with the inattentive subtype tend to perform more poorly on the attention 
components of the PASS, while children with the hyperactive or combined subtypes tend to 
score more poorly on the planning components (Van Luit, Kroesbergen, & Naglieri, 2005). 
To date, ADHD research has primarily investigated processing speed weaknesses in 
children and adolescents with and without symptoms of ADHD, in addition to research 
comparing ADHD with co-occurring disorders, such as Reading Disorder, Anxiety, ODD, 
and Autism (Adler, 2010; Beck, Hanson, Puffenberger, Benninger, & Benninger, 2010; 
Mulder, et al., 2010; Oie, Sundet, & Ueland, 2011; Tzavara et al., 2004). However, these 
studies do not include comparisons across the specific subtypes of ADHD. This body of 
research utilizes a variety of measures to evaluate differences in processing speed, including: 
Trail-Making Test, Stroop-type tests, Coding and Symbol Search, and academic fluency 
tests. Overall, research findings examining processing speed suggest significant main effects 
of ADHD for speed of processing, with slower response times being related to cognitive 
processing and cognitive interference output speed measures rather than motor processing 
speed measures (Beck, et al., 2010; Mulder, et al., 2010). In addition, some research 
examining processing speed suggests that children with ADHD perform worse on auditory 
measures of attention, such as Digit Span, versus visual attention measures, such as the 
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Gordon Diagnostic System (Tzavara, et al., 2004). Because processing speed can be broken 
down into these different components of information processing, other research has 
acknowledged differences in processing loads and output response times. Research 
investigating such differences suggest that output speed rather than input or perceptual speed 
is impaired in ADHD (Adler, 2010).  
Research investigating specific differences in processing speed across ADHD 
subtypes is less prominent. However, the research available to date sheds light on the 
importance of further investigation given preliminary findings. For example, Weiler et al. 
(2000) examined differences in processing speed for children diagnosed with the Inattentive 
Subtype of ADHD, in addition to children with learning disabilities. Results demonstrated 
problems on measures of processing speed for children referred for learning problems in 
general, but the children diagnosed with the Inattentive Subtype of ADHD were particularly 
impaired. In addition, only those children with the Inattentive Subtype obtained poor scores 
on subtests of the Wechsler Intelligence Scale for Children IV processing speed subtests 
(Symbol Search and Coding). 
A more recent study demonstrated similar results when examining differences in 
cognitive functioning across the Combined and Inattentive Subtypes of ADHD. Mayes and 
Calhoun (2009) utilized Wechsler Intelligence Scales for children, including Freedom-from-
Distractibility, Working Memory and Processing Speed Indexes, in addition to the Gordon 
Diagnostic System (GDS), to investigate cognitive differences for children with ADHD and 
other co-existing disorders. Findings indicated greater impulsivity scores on the GDS for 
children in the ADHD Combined Type than the ADHD Inattentive group. In contrast, 
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children in the ADHD Inattentive group had slower processing speed scores than children 
with the ADHD Combined Type. 
An important study contributing to the notion of processing speed deficits as a 
primary source of difference across subtypes examined two different groups of children with 
inattentive symptoms of ADHD. Goth-Owens, Martinez-Torteya, Martel, and Nigg (2010) 
examined a pure inattentive subtype of ADHD, defined as those who met DSM-IV-TR 
criteria for ADHD inattentive subtype but had two or fewer hyperactive/impulsive 
symptoms, contrasted with those who met criteria for the inattentive type using DSM-IV-TR 
criteria allowing for up to five symptoms of hyperactivity/impulsivity. Both inattentive 
groups were compared to a DSM-IV-TR combined type group and a typically developing 
control group. Findings demonstrated slower performance on output speed measures for both 
inattentive groups when compared to controls and the combined subtype group; however, 
when compared to controls, the effect size for the “pure” inattentive group was double that of 
the Inattentive group with up to 5 symptoms of hyperactivity/impulsivity. These findings 
lend support to the notion that the inattentive subtype group may not represent a 
heterogeneous condition, and that it may represent a distinct inattentive condition 
characterized by poor cognitive interference control and slow processing or output speed. 
This collection of research supports the notion of cognitive deficits within subtypes, 
and has important implications for differences in cognitive performance. With the frequent 
changes in subgroup criteria over time, it is clear that research has failed to provide a 
complete understanding of the disorder. The current model for understanding ADHD 
subtypes is based on primary deficits in executive function; however, the review of literature 
reveals the need for further investigation of cognitive function, with a narrowed focus on 
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processing speed measures as a primary tool for the distinction between ADHD subtypes. 
Given the abundance of literature devoted to the investigation of underlying mechanisms of 
ADHD, it is important to determine whether this research holds true when subjected to meta-
analytic procedures. Although much research addresses the issue of processing speed in 
ADHD, studies vary with regard to measures, sample size, demographics and general testing 
procedures. Subjecting these studies to meta-analytic procedures will provide an opportunity 
to combine these different studies and generate a common metric for interpretation. In other 
words, a meta-analysis will provide evidence for whether or not the finding that processing 
speed is a core deficit of ADHD holds true when results are combined across differing 
studies. In addition, these procedures will provide further insight with regards to the impact 
of processing speed deficits on ADHD subtypes.  
Purpose and Hypotheses 
The primary purpose of this study is to investigate the nature of processing speed 
deficits in children with ADHD, with a particular attention to the nature of deficits across the 
DSM-IV-TR defined subtypes of ADHD. This study will utilize meta-analytic procedures to 
synthesize the findings of previous research examining processing speed differences between 
children with and without ADHD, and across subtypes. Although previous research suggests 
differences in processing speed across subtypes, a meta-analytic approach can address the 
relationship using quantitative evidence. In addition, this research will provide evidence for 
the strength of processing deficits in ADHD and how they relate to subtypes. To date, 
research has not utilized this technique.  
It is also important to note implications for future research based on current literature 
regarding ADHD and cognitive differences across subtypes. For example, if children with the 
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combined type and the inattentive type are subtypes of the same general disorder, then one 
would expect both groups to exhibit similar patterns of problems related to inattention, with 
the combined subtype presenting with more symptoms of hyperactivity and impulsivity 
(Milich, 2001). However, the available literature suggests that this may not be the case. To 
date, findings are conflicted, including evidence for and against differences between the 
inattentive and combined subtypes, especially with regard to cognitive function. One 
possibility for discrepancies may be attributed to the use of DSM criteria for subtype 
classification that only adheres to symptom count; therefore excluding criteria for age of 
onset and impairment within multiple domains (Milich, 2001). A Meta-analysis may help to 
shed light on this issue through the use of quantitative evidence. 
Answering the question as to processing speed is the same or different for children 
with the inattentive and combined subtypes, will contribute to our understanding of whether 
these subtypes are representative of the same disorder. Should results indicate differences in 
processing speed, distinctions made between the types of deficits may provide an alternative 
method for conceptualizing subtype classification with regards to inclusion and exclusion 
criteria, and determining the core features of the disorder. In addition, changes in our 
understanding of core features may require alterations in our approach to the assessment of 
ADHD and subsequent targeted interventions. Should findings demonstrate the presence of a 
core deficit in processing speed, then inclusion of these measures in psycho-educational 
testing may be critical in diagnosis and intervention. For example, if the source of differences 
between subtypes is related to cognitive processing speed, then interventions such as 
reducing the attentional load may not be as effective as reducing the pace at which 
information is delivered. Similarly, strategies such as supporting the development of 
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metacognitive strategies, reducing time constraints or moderating processing demands may 
be more useful for children with primarily inattentive symptoms (Mulder, et al., 2010).  
Based on the available literature addressing the nature of the relationship between 
processing speed and ADHD cognitive deficits, the following research questions and 
associated hypotheses will be examined: 
Question 1: What is the magnitude of the mean effect size for processing speed in children 
with ADHD compared to children without ADHD? 
Hypothesis 1: It is hypothesized that meta-analytic findings will demonstrate a significant 
large effect size for processing speed deficits in children with ADHD compared to children 
without ADHD. 
Question 2: What is the magnitude of the mean effect sizes for processing speed in children 
with ADHD across subtypes compared to each other as well as to those without ADHD? 
Hypothesis 2: It is hypothesized that meta-analytic findings will demonstrate a significant 
moderate effect size for processing speed deficits in children with the DSM-IV-TR defined 
inattentive subtype of ADHD compared to children with the DSM-IV-TR defined combined 
or hyperactive/impulsive subtypes of ADHD and children without ADHD. 
 
  
CHAPTER 2 
METHOD 
Meta-Analysis 
 Meta-analysis is a research synthesis of a set of studies that uses a quantitative index, 
the effect size, to indicate the strength of relationship between an independent variable and 
the dependent variables (Morgan, Gliner, & Harmon, 2006). Meta-analyses provide an 
alternative to narrative literature, which often lead to different conclusions based on 
subjective judgments, preferences, or reviewer biases. It provides an opportunity to review 
the results of many studies using rigorous research techniques to sum and integrate findings 
from a large number of studies that cover similar topics (Sattler, 2008).  
The purpose of a research synthesis, such as the meta-analysis, is to provide a 
description of a particular subject area, and to illustrate which studies have been previously 
utilized to explore the topic. The primary advantage of performing a meta-analysis is that it 
includes the computation of a summary statistic for a large number of studies using different 
samples, tests and procedures. In general, this statistic provides an estimate of the overall 
strength of a relationship between independent and dependent variables. In addition, a meta-
analysis provides evidence for the reliability of a research finding, such that researchers can 
have more confidence in findings within multiple studies rather than in the results of a single 
study. Finally, an important advantage of meta-analyses is increased external validity. Many 
studies that have strong internal validity fail to use a representative sample of subjects, which 
limits the generalization of results. In contrast, meta-analyses include many studies, which 
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increase the variation of the sample and strengthens external validity (Lipsey & Wilson, 
2001; Morgan et al., 2006).  
While there are many benefits of a meta-analysis, its conclusions can be 
compromised by the variety of studies reviewed and their shortcomings, such as poor design 
and/or inadequate sampling (Sattler, 2008). In addition, meta-analyses often synthesize 
studies that differ on both independent and dependent variables which may impact the 
usefulness of the end product. Another criticism concerns the use of small sample sizes, such 
that utilizing a large proportion of studies with inadequate statistical power within a meta-
analysis may introduce bias into the overall effect size. Finally, it is important to note that 
regardless of the sample size and the statistics used, the resulting outcome will never be 
stronger than the individual studies that comprise the meta-analysis (Morgan et al., 2006). In 
other words, this “pseudo homogenization” may lead to imperfect conclusions. 
Effect Size Statistics 
 There are many different types of effect size statistics. The specific statistic utilized in 
a given analysis is determined by the type of finding presented in the original research, such 
as correlations, group differences, and pre-post differences. The most common effect size 
indices used in meta-analysis include: d, r and odds ratio (OR). The effect size d represents 
the strength of a relationship between an independent and dependent variable in standard 
deviation units. The d statistic is often used when most of the studies included within the 
analysis have an independent variable that is dichotomous, such as an intervention versus a 
control group, and the dependent variable is continuous, such as an outcome score. The d 
effect size is determined by dividing the difference between the intervention and control 
group means by either the standard deviation of the control group, or the pooled standard 
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deviation of the treatment and control groups. The effect size r is generally utilized when 
most of the studies within the analysis have continuous independent and dependent variables, 
and odds ratios are used when most of the studies have dichotomous independent and 
dependent variables (Morgan et al., 2006). 
 The current meta-analysis will utilize the standardized mean difference effect size 
statistic, where a dichotomous independent variable and a continuous dependent variable are 
examined. In other words, ADHD and ADHD subtype groups will be compared to a control 
group based on some continuous outcome measure. The use of a standardizing quantity will 
provide an opportunity to compare studies that operationalize the dependent variable 
differently (Morgan et al., 2006). For example, in the current study, analyses of studies that 
utilize various measures of processing speed, such as standard scores, scaled scores, number 
correct, and T-scores may be compared using a standardized mean difference effect size. 
 There are three different d effect size indices, including Glass’s delta, Cohen’s d, and 
Hedge’s g, which are utilized dependent upon whether the difference between means is 
divided by the standard deviation of the control group only (Glasse’s delta), or by the pooled 
standard deviation of both the treatment and control groups (Cohen’s d and Hedge’s g). 
Given the focus of the current meta-analysis, Cohen’s d and Hedge’s g are often the best 
candidates for effect size estimate calculations. Cohen’s d is often preferred when study 
methods are not suspected to significantly alter outcome measure variance within the 
experimental group; however, its use can often result in a biased effect size when it is 
calculated for small sample sizes with fewer than 20 participants (Lipsey & Wilson, 2001; 
Morgan et al., 2006). Hedge’s g corrects for biased effect sizes due to small sample sizes, 
therefore it is often the preferred statistical effect size statistic in meta-analysis. For Hedge’s 
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g, the pooled standard deviation is computed using estimates of the sample standard 
deviation estimate (Morgan et al., 2006). Hedge’s g will be utilized in the current meta-
analysis study. 
 Tests of significance are highly dependent on sample size, where larger sample sizes 
are more likely to provide statistically significant results; therefore it is possible that two 
similar studies will yield inconsistent outcomes depending on the sample size utilized. 
Therefore, we need not only to determine the statistical significance, but also the degree to 
which the means differ, the direction of the mean difference, and whether these results are 
meaningful. The standardized mean difference effect size provides an indication of the 
direction and magnitude of a particular research finding, therefore providing a more complete 
analysis of statistical significance. In other words, effect size statistics provide a standard 
context for interpreting results independent of sample size and statistical significance. d 
effect sizes are frequently described according to their range, where effect sizes less than .20 
indicate little to no effect, effect sizes between .20 and .49 indicate a small effect, sizes 
between .50 and .79 indicate a moderate effect, and sizes greater than .80 indicate a strong 
effect (Sattler, 2008). 
Collection of Data 
 The search for potential studies to use in the meta-analysis began with a traditional 
keyword search using the electronic database program Endnote, which utilizes searches for 
articles within PubMed, Web of Science, and Lista (Ebsco host). The search was limited to 
studies published in the English language between 1994 and present, which was determined 
based on the publication of the fourth edition of the DSM, published in 1994. This edition 
offers the most recent classification and diagnostic criteria for ADHD subtypes; therefore, it 
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provides the most relevant findings in research. Searches included the use of the following 
key words individually or in any combination: Executive Function, ADHD, ADHD subtypes 
(inattentive and combined), fluency, cognitive efficiency, reaction time, hyperactivity, and 
processing speed. After collecting initial references, each article was reviewed for its 
relevance and examined based on criteria designed to determine the final pool of articles for 
inclusion within the meta-analysis. Figure 1 presents the selection process for article 
inclusion. 
Inclusion Criteria 
 Although the focus of most meta-analyses is based on statistical procedures, often the 
most important part of the analysis is the planning of inclusion and exclusion criteria for 
selecting studies for further examination. Criteria are often related to relevant issues of 
internal and external validity (Morgan et al., 2006). Studies for the current analysis were 
selected for inclusion based on the following criteria: 
1. Study participants between the ages of 5:0 to 20:11 to capture issues within a 
school age population. 
2. Studies adhere to a group contrast design where youth and adolescents with 
combined and inattentive subtypes of ADHD are compared to a non-disordered 
control group. 
3. Each study assesses the EF construct of processing speed. 
4. Studies include processing speed that is assessed using at least one standardized 
task. These tasks could be part of cognitive measures that yield indices of EF, 
such as the Behavior Rating Inventory of EF (BRIEF), or measures that are part 
of larger scale measures of ability and/or achievement, such as fluency subscales 
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on achievement tests or Coding and Symbol Search subtests from the Wechsler 
Intelligence Scales (WISC-III or WISC-IV). Finally, studies will also be included 
that utilize measures specifically designed to measure processing speed. 
5. Studies included were be published in the year 1994 or later based on the DSM-
IV publication date. 
6. Studies utilized will be limited to those that have been peer-reviewed and 
published to serve as a quality control. 
7. Studies must report sufficient statistical information to calculate effect sizes. 
Coding of Studies 
 Following article searches, relevant information was extracted from each article 
according to guidelines for inclusion. Information was coded based on both descriptive and 
statistical levels. For example, coding extracted relevant descriptive information regarding 
study characteristics that apply to the study as a whole, such as publication year, source, and 
demographics. Statistical data included the collection of specific information regarding 
individual effect sizes within each article, such as group means, group size, the type of 
measure utilized, and the standard deviations for outcome measures. Notes were made 
throughout the coding process regarding inconsistencies between articles, such as sample 
sizes, reported demographics, and outcome measures. 
Preparation of Data 
Calculation of Effect Sizes 
 Hedge’s g was calculated for every measure of processing speed using 
Comprehensive Meta-Analysis Version 2 (CMA-2), a statistical program developed for the 
purpose of conducting meta-analytic research (Borenstein, Hedges, Higgins, & Rothstein, 
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2000). Hedge’s g was obtained through direct calculations that utilize the means, variances 
(standard deviations), and sample sizes for each group reported within the articles. Each of 
the included studies reported the necessary data for effect size data; therefore, no estimation 
procedures for calculating the effect sizes were necessary. Analyses of effect sizes were 
examined for potential outliers. Z-scores were computed for each study, which were based on 
the distance from the mean, the variance of that study and the variance of the combined 
mean. Typically, a study with a z-score exceeding 1.96 or 2.59 in absolute value would be 
considered an outlier (Borenstein et al., 2000). This procedure identified one outlier for 
question one, and no outliers for question 2. The outlier for question one was removed from 
the study, therefore the meta-analyses included 48 studies for the question of differences in 
processing speed between ADHD and controls, and 18 studies for the question of differences 
in processing speed between ADHD subtypes and controls. Data were further analyzed based 
on the stated research questions. 
Creating Independent Sets of Effect Size Data 
 An independent set of effect sizes was generated for the measure of processing speed. 
When creating independent set of effect sizes, it is important that only one effect size comes 
from a single subject sample. Utilizing multiple measures that represent one construct in a 
particular study often results in errors of interpretation due to statistically dependent effect 
sizes (Lipsey & Wilson, 2001). To account for this problem, multiple effect sizes for a 
processing speed measure in a given study were averaged through the use of CMA-2. This 
ensured that each study had no more than one effect size for processing speed. Meta-analyses 
are often criticized for combining dissimilar findings; however, given that processing speed 
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measures are usually correlated, the method of averaging findings is considered appropriate 
in this instance (Morgan et al., 2006; Sattler, 2008). 
Data Analyses 
Assumptions of Analysis 
 Analysis of effects and their distributions were conducted under the assumptions of a 
random effects model rather than a fixed effect model. In a fixed effects model, the 
researcher is attempting to generalize only to studies that are the same as those utilized 
within the meta-analysis, and the effect size calculated from each study is an estimate of the 
population effect size, with the exception of random error due to sampling variability. In 
contrast, the random effects model accounts for random error due to subject level sampling in 
addition to study level sampling. Study level sampling includes differences such as variations 
in study procedures or study settings. This model does not assume that there is a single 
underlying effect size identical in all studies, but instead proposes that effect sizes are 
randomly distributed, therefore an average is considered representative of the studies 
(Morgan et al., 2006). The random effects model is considered appropriate when research 
examines findings with regards to generalization to the larger population, and when there is 
an expectation of multiple sources of random error in the study sample (Lipsey & Wilson, 
2001). Given that generalization is the primary purpose of the current study, this model was 
selected for analyses. 
 In order to determine the overall effect size for processing speed, the central tendency 
and variance for the effect size distributions were analyzed for each research question. 
Distributions of effect sizes are often described using various indicators, such as the range, 
mean, median, quartile, variance, standard error, and 95% confidence interval (CI). In 
 22
addition, forest plots can be utilized to display results visually and assist the interpretation of 
effect sizes and confidence intervals generated for each study. The significance of the mean 
effect size for each study is primarily indicated by its p-value calculation (Morgan et al., 
2006). 
 Another method utilized to investigate the effect size distributions for processing 
speed in ADHD was heterogeneity testing. Heterogeneity testing determines whether the 
various effect sizes that are averaged into a mean value estimate the same population effect 
size. In addition, this test determines the presence of variability in distributions that can be 
attributed to variability that exists above and beyond what is expected from sampling error 
alone (Lipsey & Wilson, 2001). For this study, the test of heterogeneity was based on the Q 
statistic, which is distributed as a chi-square with k-1 degrees of freedom (where k is the 
number of effect sizes). To determine significance of heterogeneity, the Q statistic was 
examined. If Q exceeded the critical value for a chi-square with k-1 degrees of freedom, then 
the null hypothesis of homogeneity is rejected. Under these circumstances, the significant Q 
indicates a heterogeneous distribution, where the variability within the distribution is affected 
by error beyond that of sampling error, which often requires additional analyses to examine 
possible moderator variables. In contrast, a non-significant Q indicates a homogeneous 
distribution, where the variability in the distribution does not exceed what would be expected 
from sampling error alone. However, it is important to note that the Q test is often described 
as having relatively low statistical power; therefore, a non-significant Q may not accurately 
predict the absence of potential moderator variables (Lipsey & Wilson, 2001; Morgan et al., 
2006). 
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 Meta-analyses for processing speed were also assessed for possible publication bias. 
Publication bias can occur in meta-analyses because of non-random patterns in published 
literature. For example, large studies and studies with moderate to large effect sizes are often 
published more frequently compared to smaller studies and those with non-significant and 
small effect sizes. For this study, publication bias was examined using several methods, 
including visual inspection of a funnel plot and analysis of Rosenthal’s fail-safe N. Using 
multiple methods to examine publication bias is important given that the isolated use of a 
single method often leads to misinterpretation (Lipsey & Wilson, 2001). 
 Visual inspection of funnel plots provided an opportunity to examine the graphic 
display of standard error. The funnel plot displays an index of study size that is plotted along 
the vertical axis and the effect size is plotted on the horizontal axis. When plotted, studies 
with large sample sizes that tend to have less sampling error appear towards the top of the 
graph, often near the mean effect size. In contrast, studies with small sample sizes and greater 
sampling error tend to appear near the bottom of the graph and/or have greater dispersion 
across the range of effect sizes. In other words, a non-biased group of effect sizes is expected 
to be displayed in the shape of an inverted funnel. However, if visual inspection displays 
gaps in the distribution of studies, then publication bias is suspected. It is important to note 
that visual inspection of the plotted studies can be difficult to analyze, therefore the use of 
further methods of analyses may be warranted (Lipsey & Wilson, 2001). 
 Rosenthal’s (1979) fail-safe N was utilized as a second index of publication bias. This 
method was utilized to address the problem previously noted, where non-significant results 
do not get selected for publication. This method calculates the number of studies with non-
significant results that would be needed to reduce a significant mean effect size to reach non- 
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significance, where p is greater than .05. A large number demonstrates that even with the 
inclusion of missing non-significant studies, a significant effect size is likely to remain 
significant (Lipsey & Wilson, 2001; Soeken & Sripusanapan, 2003). 
 Finally, the Duval and Tweedie’s (2000) Trim and Fill method was utilized as a third 
index of publication bias. This index specifically addresses possible asymmetry in the 
distribution of effect sides. For example, when a meta-analysis includes all relevant studies, 
the funnel plot should indicate a symmetrical distribution of studies on both sides of the 
mean effect size. In contrast, a meta-analysis that does not include all relevant studies (i.e. 
non-published and/or non-significant studies), the funnel plot may appear heavier on the right 
side than the left. Therefore, the Trim and Fill analysis involves “trimming” the asymmetric 
studies from the heavy side of the graph in order to determine the unbiased effect, and then 
the plot is “filled” by re-inserting the trimmed studies with their calculated counterparts 
(Soeken & Sripusanapan, 2003). 
 
 
 
 
 
 
 
 
 
 
  
CHAPTER 3 
RESULTS 
Hypothesis 1: It is hypothesized that meta-analytic findings will demonstrate a significant 
large effect size for PS deficits in children with ADHD compared to children without ADHD. 
Meta-Analysis of Processing Speed 
Description of Included Studies 
 Meta-analysis of processing speed in youth and adolescents with and without ADHD 
originally included 49 effect sizes. One study was identified as an outlier (exceeded 2.58 in 
absolute value); therefore it was excluded from the analyses, leaving 48 effect sizes. These 
effect sizes were based on findings from 48 studies, which included a combined total sample 
size of 6,086 participants (ADHD = 3,011, Control = 3,075). Sample characteristics of age, 
gender and other important characteristics are presented in Table 1. 
Analysis of Effect Size Distribution: ADHD vs. Controls 
 Effect sizes for processing speed ranged from -.471 to 3.933 with a mean of .547 and 
a standard deviation of .055. These values suggest a normally shaped distribution. The mean 
effect size was statistically significant at the p = .001 level, g = .547, p < .0001. This finding 
indicates a significant moderate effect for the standardized difference in processing speed 
between youth and adolescents with and without ADHD. A 95% Confidence Interval (.439, 
.655) was calculated, which demonstrates the exclusion of trivial and/or small effects. 
Heterogeneity testing produced a significant Q-value of 153.983, p < .0001, which exceeds 
the chi-square value of 69.477 (47 df). This finding demonstrates the presence of significant 
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variability in the effect size distribution, beyond that which would be expected by sampling 
error alone. Results from these analyses are presented in Table 3.  
Publication Bias 
 Analyses were also conducted to assess for potential publication bias. Results from 
visual inspection of the funnel plot (Figure 2), and the fail-safe N method do not support the 
presence of publication bias. The fail-safe N method determined that an additional 3,817 
studies with non-significant results would be needed to nullify the significance of the mean 
effect size. However, the Trim and Fill procedure identified potentially six missing studies on 
the left side of the plot, which may indicate some concern for publication bias. 
Summary: The first question within this study was to determine the magnitude of the mean 
effect size for processing speed in children with ADHD compared to children without 
ADHD. Meta-analytic findings suggest that research demonstrating core deficits in 
processing speed for children with ADHD is credible, with a significant ES falling into the 
moderate range. 
Hypothesis 2: It is hypothesized that meta-analytic findings will demonstrate a significant 
moderate effect size for PS deficits in children with the DSM-IV-TR defined inattentive 
subtype of ADHD compared to children with the DSM-IV-TR defined combined or 
hyperactive/impulsive subtypes of ADHD and children without ADHD. 
Meta-Analysis of Processing Speed 
Description of Included Studies 
Meta-analysis of processing speed in youth and adolescents with and without ADHD 
subtypes included 39 effect sizes. These effect sizes were based on findings from 18 studies, 
which included a combined sample size of 2,344 (ADHD-I = 651, ADHD-C = 784, ADHD-
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H = 49, Control = 860) participants. A larger number of effect sizes than studies were 
utilized given the use of comparisons across subtypes, such that each measure was utilized 
once for each subtype. In addition, the studies included for this question are separate from the 
studies utilized in question 1. Sample characteristics of age, gender and other important 
characteristics are presented in Table 2. 
Analysis of Effect Size Distribution: ADHD-I vs. Controls 
Effect sizes for processing speed ranged from 1.339 to 1.303 with a mean of .413 and 
a standard deviation of .104. These values suggest a normally shaped distribution. The mean 
effect size was statistically significant at the p = .01 level, g = .413, p = .008. This finding 
indicates a significant small effect for the standardized difference in processing speed 
between youth and adolescents with and without ADHD-I. A 95% Confidence Interval (.171, 
.580) was calculated, which demonstrates the exclusion of trivial and/or small effects. 
Heterogeneity testing produced a significant Q-value of 106.749, p < .0001, which exceeds 
the chi-square value of 84.075 (17 df). This finding demonstrates the presence of significant 
variability in the effect size distribution, beyond that which would be expected by sampling 
error alone. 
Analysis of Effect Size Distribution: ADHD-C vs. Controls 
Effect sizes for processing speed ranged from .682 to 1.578 with a mean of .337 and a 
standard deviation of .153. These values suggest a normally shaped distribution. The mean 
effect size was statistically significant at the p = .05 level, g = .337, p = .028. This finding 
indicates a significant small effect for the standardized difference in processing speed 
between youth and adolescents with and without ADHD-C. A 95% Confidence Interval 
(.037, .637) was calculated, which demonstrates the exclusion trivial and/or small effects. 
 28
Heterogeneity testing produced a significant Q-value of 135.675, p < .0001, which exceeds 
the chi-square value of 87.470 (17 df). This finding demonstrates the presence of significant 
variability in the effect size distribution, beyond that which would be expected by sampling 
error alone. 
Analysis of Effect Size Distribution: ADHD-H vs. Controls 
Effect sizes for processing speed ranged from .008 to .962 with a mean of .391 and a 
standard deviation of .377. These values suggest a normally shaped distribution. The mean 
effect size was not statistically significant at the p = .05, .01 or .001 level, g = .377, p = .299. 
This finding indicates a small but non-significant mean effect for the standardized difference 
in processing speed between youth and adolescents with and without ADHD-H. A 95% 
Confidence Interval (-.347, 1.129) was calculated, which demonstrates the exclusion of 
trivial and/or small effects. Heterogeneity testing produced a significant Q-value at the p = 
.05 level, 8.30, p = .016, however it did not exceed the chi-square value of 75.904 (2 df). 
Although these results were somewhat mixed, this finding was generally suggestive of a 
heterogeneous effect size distribution, such that there is significant variance beyond what 
would be expected from sampling error alone.  
Analysis of Effect Size Distribution: ADHD Subtype between Group Comparisons 
Between group results for subtype comparisons (ADHD-I vs. ADHD-C, ADHD-I vs. 
ADHD-H, ADHD-C vs. ADHD-H) were non-significant. Heterogeneity testing produced a 
non-significant Q-value of .123, p = .940. This finding demonstrates no significant variability 
between the three effect size distributions, beyond that which would be expected from 
sampling error alone. Results from all subtype analyses are presented in Table 4. 
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Publication Bias 
 Analyses were also conducted to assess for potential publication bias. Results from 
visual inspection of the funnel plot (Figure 3), and the fail-safe N method do not support the 
presence of publication bias. The fail-safe N method determined that an additional 872 
studies with non-significant results would be needed to nullify the significance of the mean 
effect size. The Trim and Fill procedure did not identify any missing studies on the left side 
of the plot when using a fixed effect model; however, 2 missing studies to the left side of the 
plot were identified using a random effects model. Despite this finding, overall results do not 
support publication bias. 
Summary: The second question within this study was to determine the magnitude of the 
mean effect sizes for processing speed in children with ADHD across subtypes compared to 
each other as well as to those without ADHD. Meta-analytic findings suggest core deficits in 
processing speed for children with the ADHD-I and ADHD-C subtypes versus controls, with 
significant ES’s falling into the small range. Results do not support differences in processing 
speed for children with the ADHD-H subtype compared to controls. No significant 
differences in effect size for processing speed were found in comparisons between subtypes 
(ADHD-I vs. ADHD-C, ADHD-I vs. ADHD-H, ADHD-C vs. ADHD-H). 
 
 
 
 
  
CHAPTER 4 
DISCUSSION 
 Meta-analytic procedures were utilized to examine research findings from studies 
investigating processing speed in youth and adolescents with ADHD compared to youth and 
adolescents without ADHD. Analyses were conducted with the purpose of describing the 
nature of processing speed deficits in children with and without ADHD, in addition to 
differences in deficits across the subtypes of ADHD (Inattentive, Combined and 
Hyperactive). For the initial investigation of youth and adolescents with and without any type 
of ADHD, 49 studies met criteria for inclusion; however one study was identified as an 
outlier and removed. The investigation of youth and adolescents with and without ADHD 
based on DSM-IV-TR defined subtypes included 18 studies that met criteria for inclusion. 
An effect size was generated for each study with regards to processing speed measures. Each 
effect size and its distribution were then examined for significance, heterogeneity and 
publication bias. 
Hypothesis 1: It is hypothesized that meta-analytic findings will demonstrate a significant 
large effect size for PS deficits in children with ADHD compared to children without ADHD. 
Meta-Analysis of Processing Speed: ADHD vs. Controls 
Meta-analysis of processing speed included 48 effect sizes from 48 studies. Findings 
indicated a significant mean effect size of moderate magnitude for the difference in 
processing speed between youth and adolescents with and without ADHD (g = .547; 95% CI: 
.439, .655. Results of heterogeneity testing identified significant variability in the magnitude 
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of observed effects, beyond that which would be expected from sampling error alone. Funnel 
Plot and fail-safe N did not support the presence of publication bias, however the Trim and 
Fill procedure did identify up to six missing studies to the left side of the plot. 
Given findings from previous research, it was hypothesized that meta-analytic 
findings would demonstrate a significant large effect size for processing speed deficits in 
children with ADHD compared to children without ADHD. The finding of a significant mean 
effect confirms the hypothesis of significance; however it does not demonstrate the proposed 
level of magnitude. Research findings examining processing speed suggest significant main 
effects of ADHD for speed of processing, with slower response times related to cognitive 
processing and cognitive interference output speed measures (Beck, et al., 2010; Mulder, et 
al., 2010). The results of this meta-analysis suggest that many youth and adolescents with 
ADHD have a specific underlying neuropsychological deficit in processing speed.   
Results of heterogeneity testing identified significant variability in the magnitude of 
observed effects, which may be suggestive of potential moderating variables. This variability 
may account for the finding of a moderate mean effect size rather than a large mean effect 
size as hypothesized. Variability in some studies can be accounted for by the use of 
medication during testing, however, the studies utilized within this meta-analysis did not 
report use of medication. Other potential influential factors affecting variability may include 
differences reported in age, gender, and comorbidity. In addition, it is important to note that 
studies varied in their approach to the diagnosis of ADHD; therefore, the samples generated 
for the meta-analysis may or may not represent ADHD as it is currently defined in the DSM-
IV-TR. For example, diagnoses may have been made based on symptom count alone versus 
the identification of symptoms, impairment and age onset.  
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Previous research indicates a higher frequency of ADHD in males versus females 
(Bauermeister et al., 2007; Ramtekkar, Reiersen, Todorov, & Todd, 2010). Given that the 
samples utilized within this study included primarily males, it is likely that gender did not 
play a significant role in results of magnitude. However, the studies included within this 
analysis ranged in age from 5 to 18. Research has indicated that both children and adults with 
ADHD tend to have higher levels of co-morbidity than typically developing children. 
However, comorbidity tends to be more prominent in the adolescent and adult populations; 
therefore, it is possible that the magnitude of the mean effect size in processing speed was 
moderated by symptoms of co-morbidity, especially with regards to the older populations 
(Retz-Junginger, Sobanski, Alm, Retz, & Rosler, 2008).  
Overall, results do support a deficit in processing speed for children with ADHD 
compared to children without ADHD. From a theoretical perspective, these findings fit in 
with the PASS model of intelligence and the CAS. As previously discussed, the PASS model 
describes cognitive ability as a function of planning, attention, simultaneous processing and 
successive processing, therefore it includes processing speed as a core construct for 
assessment and measurement, as opposed to the CEM, which primarily focuses on the 
management and evaluation of information. From a psycho-educational and clinical 
perspective, these findings have important implications for assessment, such that the use of 
processing speed measures may be vital in identifying children with ADHD and/or when 
identifying appropriate interventions.  However, although processing speed deficits appear to 
be strongly associated with ADHD, they may not be unique to this disorder. For example, 
children with Depression may also perform poorly on measures of processing speed; 
therefore, further research in this area is needed.  
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Hypothesis 2: It is hypothesized that meta-analytic findings will demonstrate a significant 
moderate effect size for processing speed deficits in children with the DSM-IV-TR defined 
inattentive subtype of ADHD compared to children with the DSM-IV-TR defined combined 
or hyperactive/impulsive subtypes of ADHD and children without ADHD. 
Meta-Analysis of Processing Speed: ADHD subtypes vs. Controls 
Meta-analysis of processing speed across ADHD subtypes included 39 effect sizes 
from 18 studies. Findings indicated a significant mean effect size of small magnitude for the 
difference in processing speed between youth and adolescents with and without the ADHD 
Inattentive subtype (g = .413; 95% CI: .110, .715). Heterogeneity testing indicated significant 
variability in the effect size distribution, beyond that which would be expected by sampling 
error alone. Findings also indicated a significant mean effect size of small magnitude for the 
difference in processing speed between youth and adolescents with and without the ADHD 
Combined subtype (g = .337; 95% CI: .037, .637). The mean effect size was statistically 
significant at the p = .05 level (p = .028). Heterogeneity testing indicated significant 
variability in the effect size distribution. Results indicated a non-significant mean effect size 
of small magnitude for the difference in processing speed between youth and adolescents 
with and without the ADHD hyperactive subtype (g = .391; 95% CI: -.347, 1.129). 
Heterogeneity testing produced a significant Q-value at the p = .05 level, 8.30, p = .016, 
however it did not exceed the chi-square value of 75.904 (2 df).  
Possible publication bias was assessed through visual inspection of the funnel plot 
distribution, the fail-safe N and the Trim and Fill method for the combined results. Overall, 
these findings were not suggestive of publication bias. Between group results were non-
significant. Heterogeneity testing was non-significant (p = .942). This finding demonstrates 
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no significant variability between the three effect size distributions, beyond that which would 
be expected from sampling error alone. 
It was hypothesized that the meta-analysis would demonstrate a significant moderate 
effect size for processing speed deficits in children with the DSM-IV-TR defined inattentive 
subtype of ADHD compared to children with the DSM-IV-TR defined combined and 
hyperactive/impulsive subtypes of ADHD and children without ADHD. The finding of a 
significant mean effect for the inattentive subtype and not the hyperactive/impulsive subtype 
confirms this hypothesis; however, results also demonstrated a significant mean effect for the 
combined subtype of ADHD.  The magnitude of all effect sizes for processing speed were 
small, although the largest of these effect sizes was found in the inattentive subtype. Similar 
to findings noted for the first hypothesis, results of heterogeneity testing identified significant 
variability in the magnitude of observed affects, which may be suggestive of potential 
moderating variables. As previously discussed, medication use is often an important factor 
contributing to variability. Only two studies reported the use of medication, therefore 
variability is likely contributed to other previously noted factors, including: age, gender, 
comorbidity, varying methods for the diagnosis of ADHD, and differing measures of 
processing speed are likely to impact results. In addition, research has indicated that subtype 
classifications may not be stable over time (Lahey, Pelham, Loney, Lee, & Willcutt, 2005).  
One longitudinal study looked at the stability of ADHD subtypes in 118 four to six 
year olds over a period of eight years. Children were assessed and diagnosed using the DSM-
IV subtypes for years two through eight. Findings demonstrated that the number of children 
who originally met criteria for the ADHD combined subtype met criteria for ADHD in more 
consecutive assessments than children who originally met criteria for the 
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hyperactive/impulsive type. Results indicated that 37% of children who originally met 
criteria for the Combined subtype, and 50% who originally met criteria for the inattentive 
subtype, met criteria for a different subtype at least twice over the course of the next six 
assessments. Results also indicated that children meeting criteria for the hyperactive subtype 
were the most likely to shift to a different subtype over time (Lahey, et al., 2005). Given such 
research, it is possible that the magnitude was impacted by misclassifications of subtypes, 
particularly for samples that utilized previously diagnosed youth and adolescents or by the 
instability of ADHD symptoms over time. 
General Limitations 
 There are several limitations of the current meta-analysis of importance to note. First, 
although research has indicated that processing speed measures are highly correlated, it is 
possible that averaging effect sizes across differing measures impacted the magnitude of 
results. As previously discussed, some research examining processing speed suggests that 
children with ADHD perform worse on auditory measures of attention, such as Digit Span, 
versus visual attention measures, such as the Gordon Diagnostic System (Tzavara, et al., 
2004). It is possible that such differences were not captured as a result of combining these 
measures. 
 A second limitation is the availability of data for the analysis of possible moderating 
variables, such as comorbidity. Although co-morbidity was reported in most studies, they 
often excluded specific information regarding the number of cases with comorbid disorders, 
therefore it was not possible to remove these cases and rerun analyses to determine their 
impact on results. Although these studies reported the types of comorbid disorders, results 
were primarily reported for the ADHD group as a whole. 
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 It is also important to note that varying sample ascertainment strategies and sample 
sizes are likely to have impacted results. For example, race and/or ethnicity were not reported 
for several studies. In addition, the samples utilized were primarily composed of male youth 
and adolescents. This imbalance may have led to an inaccurate proportion of representation 
within the meta-analysis, and therefore results may not generalize to larger populations. 
Finally, although the criteria for article inclusion within this study ranged from 1994 to 
present, most articles utilized for the meta-analysis were dated from 2001 to present. It is 
likely that more studies have focused on processing speed measures with the introduction of 
research examining EF; therefore, limited research is available prior to this theoretical 
framework. It is possible that results were somewhat biased in this regard. In addition, 
subject samples were largely selected from the American population, and processing speed 
was examined utilizing American measures, which may have also biased the results. 
Future Directions 
Although results of this study did not fully confirm hypotheses with regard to 
magnitude and the degree of difference across subgroups, it does lend support for continued 
investigation of processing speed as a core deficit and possible distinguishing construct in the 
diagnosis of ADHD and ADHD subtypes. The prevalence of ADHD has increased as a result 
of the introduction of the DSM-IV criteria. However, as previous discussed, research 
indicates that the hyperactive/impulsive subtype differs from the other two subtypes with 
regards to age, comorbidity and neuropsychological measures (Woo & Rey, 2005). While the 
addition of a hyperactive subtype to the diagnosis of ADHD within the DSM-IV may capture 
a wider range of children and facilitate early identification, research indicates that this 
diagnosis may not be stable over time. Lahey et al. (2005) concluded that children who shift 
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from the hyperactive subtype into the Combined Subtype classification might result from the 
increasing challenges children face in schools. If subtype classifications are not stable over 
time, then they may not represent valid homogeneous subgroups, at least as they are currently 
defined. 
Although research has investigated the overlap and differences between subtypes and 
subtype diagnoses, few studies have looked specifically at children whose symptoms do 
remain stable over time. For example, Lahey et al. (2005) discussed the role of school in the 
shift from the hyperactive subtype to the combined subtype. However, is there a group of 
children who are stable in their attention problems over time? If so, what traits distinguish 
their profile? Given that inattention is the hypothesized core symptom in the diagnosis of 
ADHD, specific inattention profiles warrant further exploration (Woo & Rey, 2005). 
Recent studies have conducted research on the concept of Slow Cognitive Tempo 
(SCT). In the DSM-III, inconsistent alertness and orientation were associated with Attention 
Deficit Disorder (ADD) without hyperactivity. Key deficits included slow retrieval and 
inefficient information processing, and problems with memory. These features were 
extracted and defined as a distinct factor termed Sluggish Cognitive Tempo (Lahey, Pelham, 
et al., 1998). SCT is currently defined by characteristic behavioral symptoms such as 
drowsiness, daydreaming, unmotivated, slow moving, lethargic, absent minded, and 
difficulty following instructions (Carlson & Mann, 2002). These symptoms were tested when 
developing criteria for the DSM-IV; however, they were excluded from the inattention 
subtype symptom list as a result of poor negative predictive power in the diagnosis of both 
the inattentive and combined subtypes (McBurnett, Pfiffner, & Frick, 2001). However, it is 
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possible that children with symptoms of SCT may predict the presence of the inattentive 
subtype, but the absence of SCT may not predict the presence of the combined subtype.  
This possibility was tested in a study that re-evaluated SCT items in a sample of 692 
children referred to a pediatric clinic for ADHD. Parents and teachers rated children using 17 
DSM-IV criteria and the inclusion of two SCT symptoms. Results indicated that SCT items 
showed improvement in diagnostic utility as symptoms of inattention in the absence of 
hyperactivity and impulsivity. Factor analyses also demonstrated that the Inattentive Subtype 
was elevated on symptoms of SCT in comparison to the Hyperactive and Combined 
Subtypes. These findings suggested that SCT items are adequate criteria for the Inattentive 
Subtype, and that SCT may help identify a distinctly different group of children within the 
Inattentive Subtype (McBurnett, et al., 2001).  
Another study collected ratings from parents and teachers regarding the DSM-IV 
ADHD symptoms and five generated SCT items for children with and without ADHD. A 
total of 296 subjects participated in the study, ranging in age between eight and 18 years. 
Results indicated that a three-factor model represented the best fit when compared to one and 
two factor models. The three-factor model was specified with the SCT and ADHD subtype 
symptoms each loading on separate factors. Correlations among the three factors were 
examined, which revealed that the correlation between the Inattention Subtype and SCT 
factors was high for both parent and teacher ratings, while the correlation between the 
Hyperactive-Impulsive Subtype and SCT was moderate for parent ratings and small for 
teacher ratings. These results provided support for the hypothesis that SCT symptoms are 
more strongly associated with inattention symptoms than hyperactive-impulsive symptoms 
(Hartman, Willcutt, Rhee, & Pennington, 2004). Similar results were found in a larger 
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population sample of twins, which replicated the factor structure of ADHD symptoms and 
SCT symptoms (Todd, Rasmussen, Wood, Levy, & Hay, 2004). 
Results also indicated that SCT was significantly correlated with internalizing and 
externalizing symptoms, academic difficulties, and lower intelligence. However, most of 
these correlations were small in magnitude, and the elevations of SCT in individuals with the 
DSM-IV inattentive type were still significant when these variables were controlled for. 
Therefore, the authors suggested that SCT is an internally consistent construct that is 
significantly associated with DSM-IV inattention (Hartman, et al., 2004).  
Previous research also indicates evidence for a unique cognitive profile among 
children who display symptoms of SCT. One study comprehensively examined comparisons 
between subtypes and controls on an extensive battery of interviews, behavior ratings, tests, 
and direct observations (Barkley, et al., 1990). Findings indicated that children in the ADHD 
without hyperactivity group performed worse on the coding subtest of the WISC-R, and had 
great difficulty with the retrieval of verbal information from memory. Results also 
demonstrated that the ADHD group with hyperactivity committed more than twice the 
number of  impulsive errors than children without the hyperactivity component.  
The authors suggested that children diagnosed as having ADHD without 
hyperactivity may experience more problems with the focused component of attention 
involving cognitive processing speed, while children diagnosed as having ADHD with 
hyperactivity experience more difficulty with disinhibition components of attention (Barkley, 
et al., 1990). Several studies of the DSM-III and DSM-IV subtypes similarly demonstrated 
that individuals diagnosed as having ADHD without hyperactivity had greater deficits in 
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information retrieval and processing, and more impaired in perceptual motor speed (Barkley, 
et al., 1990). 
Although symptoms of inattention may not be as clearly identified as symptoms of 
hyperactivity during early preschool years, it does not necessarily mean they are not present. 
It is possible that given the current diagnostic criteria, parents and teachers may be misled in 
their observations of children during preschool years. After reviewing the literature, it 
appears that symptoms of SCT may help identify children with inattention at an earlier age. 
Symptoms of inattention may present differently in some children, therefore the current 
ADHD-I criteria may apply to an overly heterogeneous group of children. For example, some 
children may have few symptoms of hyperactivity/impulsivity, and others may have several 
symptoms of hyperactivity/impulsivity but not enough to meet the stringent six-symptom 
threshold for ADHD-H or ADHD-C diagnosis. In light of this research, it appears that 
symptoms of SCT may be useful in defining a more homogeneous group within the current 
diagnostic criteria for the subtypes of ADHD (McBurnett, et al., 2001). 
The DSM-IV-TR is currently undergoing revisions, with the expectation to release an 
updated version (the DSM-V), in May 2013. The current working model of the DSM-V 
includes discussion of changes with regard to the limitations noted throughout this paper, 
including the stability of subtypes over time and more specific criteria for differentiation 
between subtypes. It is proposed that the DSM-V should contain sections that demonstrate 
how a particular criterion may manifest at different ages while still reflecting the same 
underlying construct. These would be called “age-related manifestations.” The ADHD 
workgroup will consider this as a means of maximizing the continuity of symptom 
descriptions across the lifespan. Other proposed changes include additional information to 
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describe the symptoms within each subtype, limiting the number of hyperactive symptoms 
that can be present for an inattentive or combined type diagnosis, and potentially creating a 
separate diagnosis for the inattentive subtype (“American Psychiatric Association,” 2010). 
Findings from this meta-analysis would support the later proposal to change the ADHD 
diagnosis. 
Further examination of processing speed as a core deficit of ADHD has several 
important implications. First, processing speed measurement appears to be a critical 
component in the assessment and identification of children with ADHD. In addition, children 
with these unique core deficits may require alternative forms of treatment and intervention. 
Future research should continue to address processing speed in ADHD, with particular 
attention to the proposed changes to the DSM-IV-TR in mind. 
Second, the findings of this study can inform future research to address the limitations 
of previous studies examining processing speed in ADHD. These limitations include the 
combination of studies that classify children with ADHD using a wide variety and/or 
combination of tools (e.g., parent and/or teacher ratings scales, structured interviews, clinical 
diagnoses), with possible effects on the samples being studied and compared. Further, several 
studies have evaluated multiple factors and/or diagnoses related to processing speed, rather 
than focusing primarily on ADHD or ADHD subtypes (Adler, 2010; Oie, et al., 2011; 
Tzavara, et al., 2004). An additional limitation of earlier research is the evaluation of 
response behavior and cognitive impairments using outdated versions of psycho-educational 
measures that do not reflect current descriptions and interpretations of results (Adler, 2010; 
Oie, et al., 2011; Taylor, Lincoln, & Foster, 2010; Tzavara, et al., 2004). Given these 
differences in methodology and measurement, research is needed that utilizes specific 
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measures of processing speed and how they relate to ADHD and ADHD subtypes is needed 
(Tzavara, et al., 2004). In future studies, processing speed may be better characterized as a 
multi-dimensional construct in order to measure domain specific impairments. Such research 
may prove challenging, but is needed to advance understanding of the role of processing 
speed as an important dimension of impairments experienced by children with ADHD. 
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Table 1. 
Included Studies for ADHD vs. Control (Listed by First Author and Date) 
Study    Sample Description  Processing Speed Measure(s) 
Alderson (2010)  *N = 27    Stop Signal Task 
    *Ages: 8-12 
    *Gender: 100% Male 
   *Ethnicity: 63% Caucasian, 26%  
Hispanics, 7% African American, 4% Other 
    *Comorbidity: Oppositional Defiant Disorder (ODD) 
    *Medication during study: No 
    *IQ: > 85 
Bental (2007)   *N = 42    Rapid Naming Test 
    *Ages: 7-11    Verbal Fluency 
    *Gender: 100% Male 
   *Ethnicity: 100% Hebrew 
    *Comorbidity: Reading Disorder (RD) 
    *Medication during study: Unknown 
    *IQ: Z-score > 1 in verbal domain 
Biederman (2008)  *N = 260           Processing Speed Domain 
    *Ages: 6-18 
    *Gender: 100% Female 
   *Ethnicity: 92% Caucasian,  
5% African American, 3% Other 
    *Comorbidity: None 
    *Medication during study: Unknown 
    *IQ: > 80 
Bitsakou (2008)  *N = 127            Stop Signal Task 
    *Ages: 6-17    Stroop Task 
    *Gender: 74.5% Male   Go-No/Go Task 
   *Ethnicity: Unknown 
    *Comorbidity: None 
    *Medication during study: Unknown 
    *IQ: > 70 
Carte (1996)   *N = 74        Rapid Automatized Naming 
    *Ages: 6-12    Motor Battery 
    *Gender: 100% Male 
   *Ethnicity: 60% Caucasian, 15%  
African American, 12% Latino, 10% Asian American,  
4% Native American 
    *Comorbidity: Internalizing/Externalizing disorders 
    *Medication during study: No 
    *IQ: > 85 
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Corbett (2006)  *N = 30    Auditory and Visual Attention 
    *Ages: 7-12     
    *Gender: Approximately. 50% Male    
   *Ethnicity: 74% Caucasian, 16% Hispanic,  
7% African American, 3% Asian 
    *Comorbidity: None 
    *Medication during study: No 
    *IQ: > 70 
Corbett (2009)  *N = 32    Auditory and Visual Attention 
    *Ages: 7-12       Letter and Category Fluency 
    *Gender: Unknown 
   *Ethnicity: Unknown 
    *Comorbidity: None 
    *Medication during study: No 
    *IQ: > 70 
Fuggetta (2006)  *N = 82            Dual and Shift Tasks 
    *Ages: 8-11            Spatial-Stimulus Response Task 
    *Gender: 100% Male    
   *Ethnicity: Unknown 
    *Comorbidity: Internalizing disorders 
    *Medication during study: No 
    *IQ: > 85 
Geurts (2004)   *N = 95           Executive Function Change Task 
    *Ages: 6-13             
    *Gender: Unknown   
   *Ethnicity: Unknown 
    *Comorbidity: ODD, Conduct Disorder (CD) 
    *Medication during study: No 
    *IQ: > 80 
Geurts (2006)   *N = 42    Go-No/Go Task 
    *Ages: 8-12             
    *Gender: > 75% Male   
   *Ethnicity: Unknown 
*Comorbidity: ODD, CD, Disruptive Behavior Disorder 
(DBD) 
    *Medication during study: No 
    *IQ: > 80 
Healy (2006)   *N = 59         Coding and Symbol Search 
    *Ages: 10-12     Stop Task 
    *Gender: Unknown       Rapid Automatized Naming 
   *Ethnicity: Unknown    
    *Comorbidity: None 
    *Medication during study: No 
    *IQ: > 80 
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Kalff (2005)   *N = 172    Attention Network Test 
    *Ages: 5-6             
    *Gender: 57.5% Male    
   *Ethnicity: Unknown 
*Comorbidity: ODD, CD, Anxiety, Mood Disorder, Autism  
    *Medication during study: Unknown 
    *IQ: Unknown 
Kaufmann (2006)  *N = 32       Physical and Numerical Comparison Task 
    *Ages: 9-12             
    *Gender: 75% Male    
   *Ethnicity: Unknown 
*Comorbidity: Externalizing disorders 
    *Medication during study: No 
    *IQ: > 85 
Konrad (2000)  *N = 57    Stop Signal Task 
    *Ages: 8-12                        Delayed Response Task 
    *Gender: 84% Male    
   *Ethnicity: Unknown 
*Comorbidity: Internalizing/Externalizing Disorders 
    *Medication during study: No 
    *IQ: Unknown 
Kourakis (2004)  *N = 66    Verbal Recall Task 
    *Ages: 7-11             
    *Gender: Unknown    
   *Ethnicity: Unknown 
*Comorbidity: Externalizing disorders 
    *Medication during study: Unknown 
    *IQ: > 85 
Lambek (2010)  *N = 245    Stop Task 
    *Ages: 7-14              Trail Making Task 
    *Gender: 67% Male    
   *Ethnicity: Unknown 
*Comorbidity: ODD, DBD, Obsessive Compulsive Disorder 
(OCD), Generalized Anxiety Disorder (GAD), Anxiety 
    *Medication during study: No 
    *IQ: > 70 
Lawrence (2004)  *N = 44    Stroop Task 
    *Ages: 6-12     Real Life Zoo and Videogame Tasks 
    *Gender: 100% Male    
   *Ethnicity: Unknown 
*Comorbidity: None 
    *Medication during study: No 
    *IQ: > 80 
Li (2009)   *N = 37        Rapid Automatized Naming 
    *Ages: 8-14             
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    *Gender: 68% Male    
   *Ethnicity: 95% Caucasian, 5% African American 
*Comorbidity: All psychological disorders except ODD 
    *Medication during study: No 
    *IQ: > 70 
Loo (2007)   *N = 354         Coding and Symbol Search 
    *Ages: 16-18              Stop Signal Task 
    *Gender: Unknown   Reading Fluency Task 
   *Ethnicity: Finnish Sample  Trail Making Task 
*Comorbidity: Unknown  Continuous Performance Task 
    *Medication during study: No 
    *IQ: Unknown 
Luman (2009)   *N = 70    Stop Task             
    *Ages: 7-12                 
    *Gender: 56% Male    
   *Ethnicity: Unknown 
*Comorbidity: ODD 
    *Medication during study: No 
    *IQ: > 75 
Mahone (2001)  *N = 49              Semantic Word Fluency 
    *Ages: 6-16              Letter Word Fluency 
    *Gender: 62% Male   Figural Fluency 
   *Ethnicity: 93% Caucasian 
*Comorbidity: OCD 
    *Medication during study: Unknown 
    *IQ: > 80 
Marzocchi (2008)  *N = 65               Fluency Tasks 
    *Ages: 7-12              Go/No-Go Task 
    *Gender: 91% Male           Prepotent Inhibition Task 
   *Ethnicity: Unknown   Tower of London Task 
*Comorbidity: RD, Internalizing disorders  
    *Medication during study: Unknown 
    *IQ: > 80 
Mayes (2007)   *N = 873               Symbol Search 
    *Ages: 6-16               
    *Gender: 60.5% Male    
   *Ethnicity: 82.5% Caucasian 
*Comorbidity: Unknown 
    *Medication during study: No 
    *IQ: > 80 
McQuade (2011)  *N = 272               Cognitive Fluency 
*Excluded   *Ages: 7-11               
    *Gender: 77% Male    
   *Ethnicity: 84% Caucasian, 9% African American, 7% Other 
*Comorbidity: ODD, CD, Anxiety, Depression 
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    *Medication during study: No 
    *IQ: > 77 
Mudler (2010)   *N = 57           Random Dot Motion Task 
    *Ages: Children (available in supplemental material) 
            *Gender: available in supplemental material    
   *Ethnicity: available in supplemental material 
*Comorbidity: Externalizing/Internalizing disorders 
    *Medication during study: No 
    *IQ: > 70 
Oades (2008)   *N = 128               Trail Making Task 
    *Ages: 5-18              Switching Task 
    *Gender: 75% Male    
   *Ethnicity: Unknown 
*Comorbidity: Externalizing/Internalizing disorders 
    *Medication during study: No 
    *IQ: > 75 
O’Brian (2010)  *N = 146         Response Preparation Task 
    *Ages: 8-13              Processing Speed Index 
    *Gender: 53.4% Male   Color Word Task 
   *Ethnicity: 77% Caucasian,   Trail Making Task 
14% African American, 7% Biracial,  
1% Asian, 1% Hispanic    
*Comorbidity: ODD, Specific Phobias 
    *Medication during study: No 
    *IQ: > 80 
Pineda (1998)   *N = 124     Verbal and Semantic Fluency 
    *Ages: 7-12               
    *Gender: 100% Male   
   *Ethnicity: Unknown 
*Comorbidity: Unknown 
    *Medication during study: No 
    *IQ: Unknown 
Pritchard (2007)  *N = 61               Stroop Test 
    *Ages: 13-17               
    *Gender: 57% Female  
   *Ethnicity: 89% European (New Zealanders) 
*Comorbidity: Anxiety disorders 
    *Medication during study: Unknown 
    *IQ: > 75 
Rucklidge (2002)  *N = 72         Coding and Symbol Search 
    *Ages: 13-16                   Rapid Automatized Naming 
    *Gender: 53% Male   Stroop Test 
   *Ethnicity: Unknown            Response Inhibition Test 
*Comorbidity: ODD, CD,  
Anxiety disorders, Mood disorders 
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    *Medication during study: No 
    *IQ: > 80 
Scheres (2001)  *N = 65      Stop Task 
    *Ages: 7-12               
    *Gender: Unknown   
   *Ethnicity: Dutch population 
*Comorbidity: ODD, CD 
    *Medication during study: No 
    *IQ: Excluded 2 low scores of 48 only 
Scheres (2004)  *N = 45    Stop Task 
    *Ages: 6-12              Stroop Test  
    *Gender: 100% Male   Circle Tracing Test 
   *Ethnicity: Unknown    Fluency Test 
*Comorbidity: ODD, CD, Anxiety,  Tower of London 
Depression, Schizophrenia, PDD 
    *Medication during study: Unknown 
    *IQ: > 70 
Schuerholz (1998)  *N = 75             Letter and Word Fluency 
    *Ages: 6-16               
    *Gender: 57% Female  
   *Ethnicity: Unknown 
*Comorbidity: Unknown 
    *Medication during study: No 
    *IQ: Unknown 
Siedman (2001)  *N = 275      Stroop Test 
    *Ages: 6-17               
    *Gender: 100% Male   
   *Ethnicity: 100% Caucasian probands 
*Comorbidity: Mood disorder, Anxiety, CD, Learning 
Disability 
    *Medication during study: Unknown 
    *IQ: > 80 
Shallice (2002)  *N = 64      Stroop Test 
    *Ages: 7-12               
    *Gender: 89% Male   
   *Ethnicity: Unknown 
*Comorbidity: Mood disorders 
    *Medication during study: Unknown 
    *IQ: > 80 
Shanahan (2006)  *N = 249      Coding 
    *Ages: 6-17              Trail Making Test 
    *Gender: 53% Male       Rapid Automatized Naming 
   *Ethnicity: Unknown   Stroop Test 
*Comorbidity: RD                  Colorado Perceptual Speed 
    *Medication during study: No 
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    *IQ: Unknown 
Stins (2005)   *N = 62    Continuous Performance Task 
    *Ages: 12                       Selective Attention Task 
    *Gender: 100% Male   
   *Ethnicity: Unknown 
*Comorbidity: Internalizing disorders 
    *Medication during study: No 
    *IQ: Unknown 
Tannock (2000)  *N = 94        Rapid Automatized Naming 
    *Ages: 7-12               
    *Gender: 80% Male   
   *Ethnicity: Unknown 
*Comorbidity: RD 
    *Medication during study: Unknown 
    *IQ: > 80 
Tillman (2009)  *N = 109      Processing Speed Index 
    *Ages: 8-11              Stroop Test 
    *Gender: 51% Male   Attention Network Test 
   *Ethnicity: Norwegian population 
*Comorbidity: ODD, CD, Anxiety,  
Stress disorder, Mood disorder, Tics/Tourette’s,  
    *Medication during study: No 
    *IQ: Unknown 
Toplak (2009)   *N = 90      Stop Task 
    *Ages: 13-18              Trail Making Test 
    *Gender: Unknown   
   *Ethnicity: Unknown 
*Comorbidity: ODD, CD, Mood disorder,  
GAD, RD, Math Disorder (MD) 
    *Medication during study: No 
    *IQ: > 80 
Tripp (2002)   *N = 56      Trail Making Test 
    *Ages: 6-10                   Design and Verbal Fluency 
    *Gender: 89.3% Male   
   *Ethnicity: Unknown 
*Comorbidity: ODD, CD, DBD 
    *Medication during study: No 
    *IQ: > 70 
Van De Voorde (2010) *N = 38             Phonological Processing 
    *Ages: 8-12                  Rapid Automatized Naming 
    *Gender: 71% Male   Go/No-Go Task 
   *Ethnicity: Unknown 
*Comorbidity: ODD 
    *Medication during study: No 
    *IQ: > 80 
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Vaurio (2008)   *N = 18      Trail Making Test 
    *Ages: 7-13               
    *Gender: 62% Male   
   *Ethnicity: 73% Caucasian, 15% Hispanic 
*Comorbidity: Prenatal Alcohol Exposure 
    *Medication during study: Unknown 
    *IQ: Unknown 
Verte (2006)   *N = 147      Stop Signal Task 
    *Ages: 6-13               
    *Gender: Unknown   
   *Ethnicity: Unknown 
*Comorbidity: ODD, CD 
    *Medication during study: No 
    *IQ: > 80 
Willcutt (2005)  *N = 264      Stroop Test 
    *Ages: 8-18              Coding 
    *Gender: 53% Male   Stop Signal Task 
   *Ethnicity: Unknown   Trail Making Test 
*Comorbidity: Externalizing/ 
Internalizing disorders 
    *Medication during study: No 
    *IQ: > 75 
Williams (2010)  *N = 350     Continuous Performance Test 
    *Ages: 6-18                        Verbal Interference Test 
    *Gender: 77% Male   
   *Ethnicity: 63% Caucasian, 37% Asian 
*Comorbidity: ODD, CD, LD, Mood disorder, Anxiety 
    *Medication during study: No 
    *IQ: > 80 
Wodka (2007)   *N = 115      Go/No-Go Task 
    *Ages: 7-16               
    *Gender: 55% MALE  
   *Ethnicity: 77% Caucasian, 14%  
African American, 2% Asian, 2% Hispanic, 5% Other 
*Comorbidity: ODD 
    *Medication during study: No 
    *IQ: > 80 
Wodka (2008)   *N = 123      Stroop Test 
    *Ages: 8-16              Trail Making Test 
    *Gender: 54% Male   Verbal Fluency Test 
   *Ethnicity: 77% Caucasian,  
12% African American, 3% Asian,  
3% Hispanic, 5% Other 
*Comorbidity: ODD, Specific Phobias 
    *Medication during study: No 
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    *IQ: > 80 
Wu (2002)   *N = 87      Stroop Test 
    *Ages: 7-13              Sky Search Task 
    *Gender: Unknown                    Contingency Naming Task 
   *Ethnicity: Unknown 
*Comorbidity: LD 
    *Medication during study: No 
    *IQ: > 85 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 52
Table 2. 
Included Studies for ADHD subtype vs. Control (Listed by First Author and Date) 
Study    Sample Description  Processing Speed Measure(s) 
Adams (2010)   *N = 80    Stop Signal Task 
    *Ages: 9-12 
    *Gender: 75% Male 
   *Ethnicity: 85% Caucasian, 11%  
African American, 4% Other 
    *Comorbidity: Externalizing/Internalizing disorders 
    *Medication during study: No 
    *IQ: > 80 
Booth (2007)   *N = 66              Attention Network Task 
    *Ages: 7-13 
    *Gender: 65% Male 
   *Ethnicity:  83% Caucasian, 9% Hispanic, 8% Asian 
    *Comorbidity: None 
    *Medication during study: No 
    *IQ: > 80 
Chabildas (2001)  *N = 196    Stop Signal Task 
    *Ages: 8-18    Coding 
    *Gender: Approx. 58% Male  Trail Making Test 
   *Ethnicity:  Unknown 
    *Comorbidity: None 
    *Medication during study: No 
    *IQ: Unknown 
Chiang (2008)   *N = 121    Circle Tracing Task 
    *Ages: 7-10    Continuous Performance Task 
    *Gender: 81.2% Male   Trail Making Test 
   *Ethnicity: Chinese population 
    *Comorbidity: All other disorders 
    *Medication during study: Yes (Methylphenidate) 
    *IQ: > 87 
Derefinko (2008)  *N = 75           Cued Reaction Time Task 
    *Ages: 9-12 
    *Gender: 75% Male 
   *Ethnicity: 85% Caucasian,  
11% African American, 4% Other 
    *Comorbidity: Unspecified 
    *Medication during study: No 
    *IQ: Unspecified 
Desman (2008)  *N = 18    Go/No-Go Task 
    *Ages: 8-12 
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    *Gender: 100% Male 
   *Ethnicity:  Unknown 
    *Comorbidity: CD, LD, Adjustment disorder, Sleep disorder 
    *Medication during study: Yes (Methylphenidate) 
    *IQ: > 80 
Epstein (2011)  *N = 151    Stop Signal Task 
    *Ages: 7-11    Attention Network Test 
    *Gender: 70% Male   Go/No-Go Task 
   *Ethnicity: 58% Caucasian,         Choice Discrimination Task 
    14% African American, 2% Hispanic 
    2% Asian, 2% American Indian, 22% Other 
*Comorbidity: ODD, CD,  
Anxiety, Mood disorder 
    *Medication during study: No 
    *IQ: > 80 
Hinshaw (2002)  *N = 228    Processing Speed Index 
    *Ages: 6-12 
    *Gender: 100% Female 
   *Ethnicity: 53% Caucasian, 27% African American,  
11% Latina, 9% Asian American 
    *Comorbidity: DBD, Anxiety, Depression 
    *Medication during study: No 
    *IQ: > 70 
Houghton (1999)  *N = 122    Trail Making Test 
    *Ages: 6-13 
    *Gender: 57% Male 
   *Ethnicity: Unknown  
    *Comorbidity: None 
    *Medication during study: No 
    *IQ: > 80 
Huang-Pollock (2007) *N = 92    Stop Signal Task 
    *Ages: 7-12 
    *Gender: 66% Male 
   *Ethnicity: 55% Caucasian, 9% Hispanic,  
4% African American, 20% Asian American, 12% Mixed 
    *Comorbidity: ODD, CD 
    *Medication during study: No 
    *IQ: > 80 
McConaughy (2009)  *N = 125         Coding and Symbol Search 
    *Ages: 6-11 
    *Gender: 73% Male 
   *Ethnicity: 58% Caucasian,  
31% African American, 11% Other 
    *Comorbidity: CD, ODD, GAD, Mood disorder, Anxiety 
    *Medication during study: No 
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    *IQ: > 80 
Nigg (2002)   *N = 105    Stop Signal Task 
    *Ages: 7-12    Stroop Test 
    *Gender: 67% Male   Trail Making Test 
   *Ethnicity: 81% Caucasian 
    *Comorbidity: CD, ODD, RD 
    *Medication during study: No 
    *IQ: > 75 
O’Driscoll (2005)  *N = 32    Motor Planning Task 
    *Ages: 11-14 
    *Gender: 100% Male 
   *Ethnicity: Unknown 
    *Comorbidity: ODD, GAD, RD 
    *Medication during study: Yes (Methylphenidate) 
    *IQ: > 85 
Pasini (2007)   *N = 94    Trail Making Task 
    *Ages: 8-14    Continuous Performance Task 
    *Gender: 100% Male 
   *Ethnicity:   
    *Comorbidity: ODD 
    *Medication during study: Unknown 
    *IQ: Unknown 
Piek (2007)   *N = 169    Trail Making Task 
    *Ages: 6-14    Visual Inspection Time 
    *Gender: 53% Male      
   *Ethnicity: Unknown 
    *Comorbidity: None 
    *Medication during study: No 
    *IQ: > 80 
Schmitz (2002)  *N = 90    Stroop Test 
    *Ages: 12-16 
    *Gender: 59% Female 
   *Ethnicity: 74% European descent  
    *Comorbidity: Externalizing/Internalizing disorders 
    *Medication during study: No 
    *IQ: > 70 
Shuai (2011)   *N = 500    Stroop Test 
    *Ages: 6-15    Trail Making Test 
    *Gender: 100% Male   Tower of London 
   *Ethnicity: Chinese population  Fluency Test 
    *Comorbidity: ODD, CD, LD,  
Mood disorder, Tic disorder 
    *Medication during study: No 
    *IQ: > 80 
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Solanto (2007)  *N = 80   Continuous Performance Task 
    *Ages: 7-12    Tower of London 
    *Gender: 54% Male   Sternberg Task 
   *Ethnicity: 44% Minority     
    *Comorbidity: Anxiety, Externalizing disorders 
    *Medication during study: No 
    *IQ: > 80 
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Table 3. 
ADHD vs. Control Processing Speed Meta-Analysis: Study-Level and Combined Results 
First Author N g SE Var. RW 95% CI* p-value 
Alderson 27 1.181 .463 .215 1.43 .272, 2.089 .011 
Bental 42 .591 .311 .097 1.86 -.018, 1.201 .057 
Biederman 260 .768 .128 .016 2.34 .517, 1.020 <.0001 
Bitsakou 127 .060 .181 .033 2.22 -.294, .414 .741 
Carte 74 .550 .238 .056 2.07 .085, 1.016 .020 
Corbett (2006) 30 1.315 .394 .155 1.62 .543, 2.086 .001 
Corbett (2009) 32 1.415 .366 .134 1.70 .697, 2.133 <.0001 
Fuggetta 82 1.039 .254 .064 2.03 .542, 1.537 <.0001 
Geurts (2004) 95 .465 .208 .043 2.15 .057, .874 .025 
Geurts (2006) 42 -.124 .303 .092 1.88 -.718, .471 .684 
Healey 59 1.063 .275 .076 1.97 .524, 1.602 <.0001 
Kalff 172 1.167 .374 .140 1.67 .433, 1.900 .002 
Kaufmann 32 -.471 .350 .122 1.75 -1.157, .214 .178 
Konrad 57 .137 .263 .069 2.00 -.378, .651 .603 
Kourakis 66 .658 .264 .070 2.00 .140, 1.176 .013 
Lambek 245 .348 .160 .026 2.27 .034, .661 .030 
Lawrence 44 .613 .303 .092 1.88 .019, 1.207 .043 
Li 37 .399 .335 .112 1.79 -.257, 1.055 .234 
Loo 354 .369 .107 .011 2.38 .159, .579 .001 
Luman 70 1.023 .276 .076 1.96 .483, 1.564 <.0001 
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Mahone 49 .413 .287 .082 1.93 -.149, .976 .150 
Marzocchi 65 -.170 .246 .061 2.05 -.653, .313 .490 
Mayes 873 .599 .091 .008 2.40 .421, .778 <.0001 
Mudler 57 .217 .264 .070 2.00 -.301, .734 .412 
Oades 128 .045 .177 .031 2.23 -.302, .391 .799 
O’Brian 146 .296 .170 .029 2.25 -.038, .630 .082 
Pineda 124 .519 .182 .033 2.22 .163, .874 .004 
Pritchard 61 .846 .297 .088 1.90 .263, 1.429 .004 
Rucklidge 72 1.192 .254 .064 2.03 .695, 1.689 <.0001 
Scheres (2004) 65 .263 .294 .087 1.91 -.314, .840 .371 
Scheres (2001) 45 .340 .256 .065 2.02 -.161, .841 .183 
Schuerholz 75 .598 .234 .055 2.08 .140, 1.057 .011 
Siedman 275 .327 .121 .015 2.35 .089, .565 .007 
Shallice 64 .657 .254 .064 2.03 .159, 1.154 .010 
Shanahan 249 .997 .136 .018 2.33 .731, 1.263 <.0001 
Stins 62 .912 .265 .070 2.00 .393, 1.432 .001 
Tannock 94 1.339 .246 .061 2.05 .856, 1.822 <.0001 
Tillman 109 .193 .163 .026 2.27 -.126, .512 .235 
Toplak 90 .572 .213 .046 2.14 .154, .990 .007 
Tripp 56 .447 .267 .071 1.99 -.076, .970 .094 
Van De Voorde 38 .543 .324 .105 1.82 -.091, 1.178 .093 
Vaurio 18 .723 .468 .219 1.42 -.193, 1.640 .122 
Verte 147 .842 .172 .030 2.24 .504, 1.180 <.0001 
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Willcutt 264 .928 .130 .017 2.34 .672, 1.183 <.0001 
Williams 350 .060 .107 .011 2.38 -.149, .269 .575 
Wodka (2008) 115 .473 .183 .034 2.22 .114, .831 .010 
Wodka (2007) 123 .104 .192 .037 2.20 -.271, .480 .586 
Wu 87 .728 .232 .054 2.09 .273, 1.183 .002 
COMBINED 6,086 .547 .055 .003 - .439, .655 <.0001 
Note: The relative weight only applies to study-level effect size values and do not apply to 
combined values; therefore, one cell in the combined row is left empty. 
CI = Confidence Interval, g = Hedges’s g effect size statistic, N = Total Sample Size, RW = 
Relative Weight, SE = Standard Error, Var. = Variance 
*Hedges’s g is significant if the 95% CI does not contain zero. 
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Table 4. 
ADHD subtypes vs. Control Processing Speed Meta-Analysis:  
Study-Level and Combined Results 
First Author Subtype N g SE Var. RW 95% CI* p-value 
Adams ADHD-C 17 .153 .268 .072 2.62 -.371, .678 .567 
Adams ADHD-I 43 .735 .334 .111 2.38 .081, 1.389 .028 
Booth ADHD-C 16 1.233 .345 .119 2.34 .557, 1.909 <.0001 
Booth ADHD-I 26 .991 .296 .087 2.52 .411, 1.570 .001 
Chabildas ADHD-C 33 1.578 .230 .053 2.76 1.128, 2.029 <.0001 
Chabildas ADHD-H 14 .008 .287 .082 2.55 -.554, .570 .978 
Chabildas ADHD-I 67 1.303 .180 .033 2.91 .950, 1.657 <.0001 
Chiang ADHD-C 52 1.360 .216 .047 2.80 .936, 1.784 <.0001 
Chiang ADHD-I 17 .089 .276 .076 2.59 -.453, .631 .747 
Derefinko ADHD-C 37 .471 .273 .075 2.60 -.064, 1.007 .084 
Derefinko ADHD-I 17 1.303 .353 .124 2.31 .611, 1.994 <.0001 
Desman ADHD-C 6 -.682 .551 .303 1.64 -1.762, .389 .215 
Desman ADHD-I 6 1.272 .593 .351 1.53 .110, 2.434 .032 
Epstein ADHD-C 51 .417 .203 .041 2.85 .019, .814 .040 
Epstein ADHD-I 53 .040 .199 .040 2.86 -.350, .429 .842 
Hinshaw ADHD-C 93 .498 .150 .023 3.00 .203, .793 .001 
Hinshaw ADHD-I 47 .547 .183 .033 2.91 .189, .905 .003 
Houghton ADHD-C 62 -.069 .226 .051 2.77 -.511, .374 .761 
Houghton ADHD-I 32 .116 .256 .065 2.67 -.385, .617 .650 
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Huang-Pollock ADHD-C 23 -.198 .282 .080 2.57 -.752, .355 .482 
Huang-Pollock ADHD-I 33 -.175 .259 .067 2.65 -.683, .333 .500 
McConaughy ADHD-C 74 .767 .233 .054 2.75 .311, 1.223 .001 
McConaughy  ADHD-I 25 .893 .290 .084 2.54 .325, 1.460 .002 
Nigg ADHD-C 46 -.823 .222 .049 2.78 -1.257, -.388 <.0001 
Nigg ADHD-I 18 -.660 .286 .082 2.56 -1.219, -.100 .021 
O’Driscoll ADHD-C 10 1.468 .487 .237 1.84 .513, 2.423 .003 
O’Driscoll ADHD-I 12 .969 .437 .191  2.01 .112, 1.826 .027 
Pasini ADHD-C 25 .626 .253 .064 2.67 .129, 1.122 .013 
Pasini ADHD-I 25 .248 .249 .062 2.69 -.239, .735 .318 
Piek ADHD-C 19 -.288 .245 .060 2.70 -.768, .192 .240 
Piek ADHD-I 20 .002 .239 .057 2.72 -.467, .479 .994 
Schmitz ADHD-C 10 .074 .338 .114 2.36 -.588, .736 .827 
Schmitz ADHD-H 10 .139 .338 .114 2.36 -.523, .802 .680 
Schmitz ADHD-I 10 1.278 .355 .126 2.30 .583, 1.973 <.0001 
Shuai ADHD-C 150 .377 .122 .015 3.07 .139, .616 .002 
Shuai ADHD-H 25 .962 .225 .051 2.77 .521, 1.403 <.0001 
Shuai ADHD-I 200 .354 .115 .013 3.09 .130, .579 .002 
Solanto ADHD-C 34 -1.004 .294 .086 2.53 -1.581, -.428 .001 
Solanto ADHD-I 26 -1.339 .324 .105 2.42 -1.974, -.704 <.0001 
ADHD-C - 784 .337 .153 .023 - .037, .637 .028 
ADHD-H - 49 .391 .377 .142 - -.347, 1.129 .299 
ADHD-I - 651 .413 .155 .024 - .110, .715 .008 
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COMBINED - 1,484 .376 .104 .011 - .171, .580 <.0001 
Note: N does not include controls; Total Sample Size = 2,344 (860 Controls) 
Note: The relative weight only applies to study-level effect size values and do not apply to 
combined values; therefore, one cell in the combined row is left empty. 
CI = Confidence Interval, g = Hedges’s g effect size statistic, N = Total Sample Size, RW = 
Relative Weight, SE = Standard Error, Var. = Variance 
*Hedges’s g is significant if the 95% CI does not contain zero 
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Figure 1. 
Sampling Process for Article Inclusion 
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Figure 2. 
ADHD vs. Control Funnel Plot 
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Figure 3. 
ADHD Subtype vs. Control Funnel Plot 
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